Introduction The US NHANES 2011-2014 protocol includes a taste and smell questionnaire (CSQ) in home-based interviews and brief assessments in mobile exam centers. We report the short-and longer-term test-retest reliability and validity of this protocol against broader chemosensory measures. Methods A convenience sample of 73 adults (age=39.5± 20.8 years) underwent the NHANES protocol at baseline, 2 weeks and 6 months. For taste, participants rated intensities of two tastants (1 M NaCl, 1 mM quinine) applied to the tongue tip and three tastants (1 M NaCl, 1 mM quinine, 0.32 M NaCl) sampled with the whole mouth. Smell function was assessed with a Pocket Smell Test™ (PST; eight-item odor identification test). The CSQ asked about chemosensory problems, distortions, and age-related changes. Broader baseline measurements were a 40-item olfactometer-generated identification task and additional whole-mouth taste intensities (1 M sucrose, 32 mM citric acid, 3.2 mM propylthiouracil). Results Intraclass correlations (ICCs) for NHANES taste measures showed moderate-to-good agreement after 2 weeks and 6 months (ICCs 0.42-0.71). Whole-mouth quinine intensity was significantly correlated with other taste intensities, supporting its utility as a marker for overall taste functioning. Olfactory classification from PSTs agreed for 98.5 % of participants across 2 weeks (κ=0.85; 95 % CI 0.71-0.99) and had good correspondence with the olfactometer task. CSQ items showed good-to-excellent agreement over 6 months . Conclusions These findings further support that the NHANES chemosensory protocol has moderate-to-good test-retest reliability when administered to healthy, educated adults. Despite being a brief procedure with limited measures, the NHANES taste and smell assessments provided good information when compared to broader measures of taste and smell function.
Introduction
The National Health and Nutrition Examination Survey (NHANES) provides a picture of the health and nutritional status of adults and children in the USA through homebased health interviews followed by clinical tests, dietary interviews, and physical exams in a mobile examination center (MEC). NHANES is administered to a nationally representative sample of 5000 civilian, noninstitutionalized US persons of all ages (birth to >80 years) from 15 different, randomlyselected US counties each year. For the first time, NHANES 2011-2014 included a taste and smell protocol (CDC 2013a), designed to generate population-based estimates of variation and dysfunction in US adults 40+ years and, secondly, to assess associations between chemosensory function and other NHANES nutritional and health measures. The purpose of the present study was to examine the test-retest reliability of the NHANES taste and smell protocol and to compare this protocol to a more comprehensive assessment of taste and smell measures utilized in laboratory settings.
The NHANES taste and smell protocol was designed by an expert team (researchers, clinicians, epidemiologists) to provide the maximal amount of information on taste and smell variation within the framework of NHANES requirements that tests must be feasible, reliable, valid, and with minimal participant burden. The protocol built on the work of the NIH Toolbox project (NIH 2012) , an initiative that assembled brief measurement tools in the domains of cognition, emotion, sensation, and motor function. Rapid taste (Coldwell et al. 2013b) and smell (Dalton et al. 2013 ) assessments selected in the NIH Toolbox were modified, adapted, and standardized for NHANES use. The NHANES taste and smell protocol implemented in 2011-2014 data cycles consisted of a taste and smell questionnaire (CSQ) administered in the respondents' homes, followed by brief taste and smell exams in the MEC.
Direct scaling of whole mouth and regional taste intensity is the measure of taste function in the NHANES protocol. The well-validated general Labeled Magnitude Scale (gLMS) (Bartoshuk et al. 2004 ) is used to assess perceived taste intensity, as it corresponds well with magnitude matching (Bartoshuk et al. 2004 ) and has been used in multiple clinical (Basson et al. 2005; Pepino et al. 2014) and population-based studies McAnally et al. 2007 ) to study variation in taste, to examine taste-health associations (Basson et al. 2005; Dinehart et al. 2006; Fischer et al. 2014b; Hayes et al. 2010; Simchen et al. 2006) , and to assess taste phenotype-genotype associations (Dias et al. 2013; Fischer et al. 2014a; Rawal et al. 2013 ). The NHANES taste exam begins with prescreening and orientation to the gLMS. Participants use the gLMS to rate the intensities of five LED-generated lights (low-to-high luminescence), which serves as scale practice, allows assessment of scale understanding, and provides cross-modality comparisons for data analyses. Next, participants are asked to identify and rate intensities of two tastants (1 mM quinine hydrochloride followed by 1 M NaCl) applied with a cotton-tipped applicator to the tongue tip and three tastants (1 M NaCl, 1 mM quinine, 0.32 M NaCl) sampled with the whole mouth using a sip-and-spit procedure. The tastants were selected to capture genetic and environmentally mediated variation in taste for potential relevance to diet and health.
Smell function in NHANES is assessed with an 8-item odor identification test based on the validated and widely used 40-item University of Pennsylvania Smell Identification Test (UPSIT) (Doty et al. 1984) . The PST odors were carefully selected to include food odors (strawberry, chocolate, onion, grape) relevant to diet and nutrition, two warning (smoke, natural gas) odors important for public safety, and two common household (leather, soap) odors.
A taste and smell questionnaire (CSQ) (CDC 2013b) was included in the home-interview to supplement the NHANES taste and smell exam data and to capture distortions (dysgeusia, phantosmia) and history of loss/changes in taste and smell. The CSQ was developed and standardized for NHANES from previous research (Hoffman et al. 1998; Murphy et al. 2002; Rawal et al. 2014) and standard clinical assessments. The CSQ asked perceived smell and taste problems and distortions, chemosensory losses with aging, and related risk factors and treatment of chemosensory impairments. The CSQ was content-validated and tested for response problems and cultural appropriateness. The sensitivity and specificity of smell-related questions on the CSQ, as compared to measured function, have been reported previously (Rawal et al. 2014) .
In the present laboratory-based study, we report the short (2 weeks) and longer (>6 months) term test-retest reliability of the NHANES taste protocol, which extends previous short-term testing of similar taste measures in a pilot study of adults of a wide age range (n=172) (Coldwell et al. 2013a ). In addition, we compare the NHANES taste measures with an additional set of whole-mouth taste probes. Because of time constraints, the NHANES protocol only utilizes bitter and salt tastants. Hence, this study investigated the value of the NHANES protocol in assessing taste function across all qualities. For olfactory testing, we examined the PST's test-retest reliability and concurrent validity in comparison to a 40-item olfactometer test (OLFACT-ID™, Osmic Enterprises, Inc.), which provides greater olfactory stimulus control. Lastly, we assessed the longer-term (6 month) test-retest reliabilities of the self-reported chemosensory measures in the CSQ and compared the CSQ responses with the taste and smell exam data.
Materials and Methods

Participants and Design
A convenience sample of 73 healthy adults, from a broad age range (18 to 87 years; mean age=39.5±20.8 years), was recruited from the university campus and surrounding community to capture a full range of chemosensory function. Exclusion criteria were pregnancy, allergies to quinine, and prescription use of thyroid medication (to avoid individuals with Grave's Disease who might have developed a hypersensitivity to propylthiouracil, commonly known as PROP).
Data were collected during three laboratory-based sessions: baseline, with follow-ups at 2 weeks and 6 months. The University of Connecticut Institutional Review Board approved all of the procedures. Participants provided informed, written consent and were compensated for their time.
Measures
All of the measures listed below were collected at baseline. At 2 weeks, only the measures pertinent to the NHANES Taste and Smell Protocol (including the remembered light and sound intensity ratings substituted for LED-generated lights) were repeated, with exclusion of the Taste and Smell Questionnaire (CSQ). At 6 months, the 2-week measures were repeated with the addition of the CSQ.
The NHANES Taste and Smell Questionnaire (CSQ) asked questions related to perceived smell or taste dysfunction (CDC 2013b), including problems with ability to smell in the past year (yes/no), change in ability to smell since age 25 (better/worse/no change), smelling an unpleasant/bad/ burning odor when nothing is there (yes/no), problems tasting sweet, sour, salty, or bitter in foods and drinks in the past year (yes/no), separate responses to change in ability to taste salty, sweet, sour, and bitter since age 25 (better/worse/no change), diminished ability to taste food flavors such as chocolate, vanilla, or strawberry since age 25 (yes/no), and in the past year, having a taste or other sensation in the mouth that does not go away (yes/no). Participants younger than age 25 (n= 19) did not answer the questions relating to changes in smell, taste, and flavor.
Orientation to the gLMS intensity scale and light ratings was completed next using a standardized script and computerized ratings. The gLMS, a semantically labeled line scale, ranges from Bno sensation^(scale score=0) at the bottom to the Bstrongest sensation of any kind^(100) at the top, with intermediate labels-Bbarely detectable^(1.4), Bweak^(6), Bmoderate^(17), Bstrong^(34), and Bvery strong^(53)-the labeled intensities increase in quasi-logarithmic fashion. The participants were instructed to treat the top of the scale (scale score=100) as generalized, applying across all sensory domains. Following the orientation, the subjects practiced rating intensities of remembered light sensations, including Bbrightness of a well-lit room,^Bbrightness of a dimly lit restaurant,^and Bbrightest light ever seen.^Participants were instructed to first choose the label on the scale that best matches the intensity of the remembered sensation, within the context of all sensations, and then fine-tune their ratings by mouse clicking above/below the label. Upon clicking, the computer generated a score based on the distance along the scale from the zero point, which was then recorded by the examiner.
Intensity ratings of sound tones were made after the remembered light intensity sensations. Participants used the gLMS to rate the intensities of a series of 1000-Hz tones ranging in 12-dB steps from 50 to 98 dB . The tones served as a cross-modal standard and as covariates in the analysis to partition out individual variability in scale usage. Instead of tones, LED-generated lights were used to assess scale understanding and as cross-modal standards in the NHANES.
NHANES taste measures included the intensities on gLMS for 1-mM quinine and 1 M NaCl painted on the anterior tongue with a cotton-tipped applicator (Coldwell et al. 2013b; Kveton and Bartoshuk 1994) . The cotton swabs were amply saturated with the taste solutions prior to application on the tongue and were carefully Bdrawn^across the tongue tip to avoid distortion of taste ratings due to additional somatosensory stimulation from the cotton swabs. The procedure (with the diagram) has been described in detail elsewhere (Coldwell et al. 2013b) .
After the regional taste testing, subjects sampled three tastants (1 M NaCl, 1 mM quinine 0.32 M NaCl; the order of presentation of the aqueous salts was randomized) with the whole mouth. Participants were asked to fill their mouths (sip without swallowing) with 10 ml of the taste solution, swish for approximately 5 s, and then expectorate into a sink. Each tastant was administered 30 s after the preceding tastant, and after each taste stimulus, the subjects rinsed their mouth with deionized water to remove any residual stimulus. In addition to the NHANES taste measures, participants reported whole-mouth intensity of additional prototypical tastants, including 1 M sucrose (sweet), 32 mM citric acid (sour), and 3.2 mM PROP (bitter).
NHANES Pocket Smell Test (PST™, Sensonics, Inc., Haddon Heights, NJ) was administered in two parts (four items each), for which the participants were asked to smell each odor (released when the experimenter scratched the odor strips with a pointed stylus in a BZ^pattern) and identify the odor from among the four choices provided. The forced-choice design of the PST requires the participant to choose an answer from among the four alternatives even if the participant is not sure or when no odor is perceived. The olfactory function score was calculated based on the number of correct identifications (the cumulative scores range from 0 to 8). Similar to the well-validated, eight-item San Diego Odor Identification Test (SDOIT) (Krantz et al. 2009 ), incorrect identification of three or more (out of eight total) odors (cumulative scores ranging from 0 to 5) was classified as olfactory dysfunction (hyposmia/microsmia or anosmia). In addition to identifying each odorant, participants also rated the respective odor intensities using the gLMS.
Olfactometer OLFACT-ID Test (Osmic Enterprises, Inc., Cincinnati, OH), administered next, was a 40-item odor identification test including all of the odorants used in the PST except for natural gas. The olfactometer was designed for computerized odor delivery via a tube in a consistent concentration and duration. Participants were asked to lean toward the odor delivery tube and smell the odorized airflow. The experimenter read the four possible choices for identification, prompting participant to select one choice, and then asked the participant to rate the odor intensity on the gLMS. Identification and intensity responses were recorded by the experimenter. Scoring was based on the number of correct identifications: 0-33 was categorized as Bdysfunction^(0-18 anosmia, 19-25 severe microsmia, 26-29 moderate microsmia, 30-33 mild microsmia) and 34-40 was normal, i.e., Bnormosmia.^The scoring classification corresponded to the gender-blind classification based on the normative UPSIT data (Segura et al. 2013 ).
Statistical Analyses
Statistical analyses were accomplished using SPSS 20.0 (Chicago, IL). The significance criterion was set at p≤0.05. Means± standard deviations (SD) are reported, unless otherwise noted; all tests were examined for age and sex differences and reported only when significant. Assumptions of data normality for relevant variables were tested with the Shapiro-Wilk statistic.
The test-retest reliabilities of the NHANES taste or smell measures, across 2 weeks and 6 months, were assessed with single measures Intraclass Correlation Coefficients (ICC) using the one-way random effect model. ICCs (single-measures, one-way random) also assessed test-retest reliabilities for intensities of cross-modal standards (remembered light sensations, sound tones) across the 2-week follow-up interval. Agreement between olfactory classifications from the NHANES Pocket Smell Tests administered at baseline and at 2-week follow-up was assessed by Cohen's kappa (κ) statistic. Cohen's κ statistic was not used to assess test-retest reliabilities of categorical responses to CSQ items across 6 months, as a large majority of participants answered Bnot o questions regarding taste or smell dysfunction. Cohen's kappa statistic is highly sensitive to trait-prevalence and marginal probabilities and hence can be unstable and difficult to interpret when such skewed distributions occur (Gwet 2002) . Agreement coefficient (AC 1 ), which is designed to overcome these limitations of kappa and provide a more precise and stable agreement statistic, was used instead (Gwet 2002) . Our interpretation of ICC, κ, and AC 1 was based on the following guidelines from Cicchetti and Sparrow (1981) : <0.40 (poor agreement), 0.40-0.59 (fair/moderate agreement), 0.60-0.74 (good agreement), and ≥0.75 (excellent agreement).
In comparing the NHANES measures to broader taste or smell measures, we used Pearson correlation coefficients (r) to measure the degree of linear dependence between intensities of NHANES taste measures and additional prototypical taste measures (1 M sucrose, 32 mM citric acid, and 3.2 mM PROP), as well as the odor intensities of Pocket Smell Test (PST) and olfactometer. Paired t tests analyzed the differences in mean taste intensities between various taste measures and compared the CSQ responses with taste intensities or PST scores. Agreement between olfactory classifications by PST and olfactometer was assessed by simple percentages, by the Cohen's kappa (κ) statistic, and by sensitivity-specificity analyses. The sensitivity and specificity of the PST, as compared to the olfactometer, was calculated as follows:
where TP, TN, FP, and FN are the number of true positive measures (judged dysfunction by olfactometer), true negative (judged normosmia by olfactometer), false positive (incorrectly classified as dysfunction by PST), and false negative (incorrectly classified as normosmia by PST), respectively. To assess the ability of the NHANES taste test to reflect overall taste functioning, exploratory factor analyses, using the maximum likelihood estimation and promax rotations (with oblique, nonorthogonal axes), evaluated the interrelatedness and distinctiveness of the eight taste measures utilized in the study.
Results
Most subjects were female (68.8 %) and Caucasian (84.6 %). Forty-two percent of our sample had a college degree or higher; 9 % had only high school education or less. All participants described their health status as Bexcellent,^Bvery good,^or Bgood^; i.e., none indicated Bpoor^or Bfair^health. All but three participants (96 % of the original sample) returned for the second visit, approximately 2 weeks (15.8± 1.6 days) later; 62 participants (85 % of the original sample) returned for a third session after 6 months (186.8±9.5 days) from baseline. All participants rated the brightness of remembered light sensations in the correct intensity order (brightness of a dimly lit restaurant< brightness of a well-lit room< brightest light ever seen), supporting that they could use the gLMS correctly. Table 1 shows the mean±SD for all taste measures utilized in the study. Our sample captured the expected variability in ratings for taste measures applied to the anterior tongue and sampled with the whole mouth. The taste intensity measures were normally distributed.
Taste Measures
The NHANES tongue tip measures ranged from Bbarely detectable^to above Bvery strong,^with mean intensity for 1-mM quinine significantly lower than that for 1 M NaCl (Table 1 ; p < 0.001). In addition, only 1-mM quinine showed significant correlation with age (r = −0.40; p < 0.001). Among the NHANES whole-mouth measures, the weaker salt (0.32 M NaCl) had the lowest mean (Table 1: p<0.01). As expected (Kveton and Bartoshuk 1994) , the mean intensities for 1 mM quinine and 1 M NaCl were not significantly different and were significantly higher than the rest of the NHANES taste measures (Table 1) . The whole-mouth intensities of 1 M NaCl (r = 0.28, p<0.01) and 0.32 M NaCl (r=0.37; p<0.001) were positively correlated with age. Quinine whole-mouth intensity approached significance for sex effects, with women reporting greater intensities than men (p<0.06).
NHANES Taste Measures and Broader Taste Quality Assessment
Exploratory factor analysis with all eight taste measures shown in Table 1 revealed a single factor with all factor loadings greater than 0.40 and the underlying factor explaining 58 % of the total variance in the sample (X 2 = 32.54, p<0.005; Cronbach's alpha=0.84). In analyses controlling for age, sex, and the cross-modal standard (86-dB tone intensity), whole mouth intensity of 1 mM quinine showed the highest partial correlations with all of the taste measures evaluated (Table 1) . Thus, 1-mM whole mouth quinine probe appears to be a reasonable proxy for overall taste functioning. Table 2 shows the 2-week test-retest reliability coefficients for the five NHANES taste measures and the cross-modal standards used in this study (remembered light sensations, sound tones). Six-month test-retest reliabilities for the NHANES taste measures also are reported.
Test-Retest Reliability for NHANES Taste Protocol and Cross-Modal Standards
Comparing baseline with 2-week testing, the intensities for NHANES taste measures showed moderate to good agreement, with intraclass correlations (one-way random, single measures), ranging from lowest for 0.32 M NaCl wholemouth to highest for 1-mM quinine whole-mouth (Table 2) . At 6 months, ICCs for the five NHANES taste measures were slightly lower but still showed moderate agreement. Consistent with the test-retest trend observed across 2 weeks, 0.32 M NaCl and 1 mM quinine whole-mouth ratings had the lowest and highest ICCs, respectively, after 6 months. In general, strong sensations tended to show better test-retest reliabilities than weak sensations, and this was true for both taste and cross-modal standards.
NHANES Pocket Smell Test
At baseline, the NHANES PST identification scores ranged from 2 to 8 (mean score 7.01±1.09 SD); 8 % of the study participants were classified as having olfactory dysfunction (Table 3) . At the second visit (after two weeks), the PST classified 5.7 % of the participants as having olfactory dysfunction. The PST identification scores at second visit ranged from 1 to 8, with a mean score of 7.14±1.10 SD. Averaged across the two visits, chocolate had the lowest correct identification rate of 74.7 %, whereas soap had the highest correct identification rate of 98.7 %. The perceived intensities for PST odorants, averaged across the 2-week follow-up interval, showed variability, ranging from Bmoderate^to above Bvery strong.T he mean perceived intensity was highest for soap odor (36.29±18.12 SD) and lowest for chocolate odor (16.05± 9.53 SD).
Pocket Smell Test versus Olfactometer
The olfactometer classified 14 % of the study participants as having olfactory dysfunction. Olfactometer identification scores ranged from 15 to 40, with a mean score of 35.74± 4.06 SD. One participant was classified with anosmia, one with severe microsmia, four with moderate microsmia, and four with mild microsmia.
As shown in Table 3 , olfactory function classification from PST and olfactometer at baseline agreed for 94.5 % of participants (κ=0.72, 95 % CI 0.59-0.85), with the PST showing 60 % sensitivity (correct identification of dysfunction) and 100 % specificity (correct identification of normosmia) compared to the olfactometer. The olfactometer identified four additional participants as having dysfunction as compared to the PST, yet all four had mild microsmia (scores 30-33). For reporting the sensitivity and specificity of PST in screening for (53) b Partial correlations with whole-mouth intensity of 1-mM quinine after controlling for age, sex, and 86-dB tone ratings moderate-severe olfactory dysfunction, dysfunction by olfactometer was reclassified as moderate microsmia-anosmia (identifying 0-29 odors correctly), and mild microsmianormosmia (identifying 30-40 odors correctly). This improved agreement of classification between the PST and olfactometer to 98.6 % of participants at baseline, with only one participant discordant (Table 3) . With this reclassification, sensitivity and specificity of PST compared to the olfactometer improved to 100 and 98 %, respectively (κ=0.90, 95 % CI=0.80-1.00). Correct and incorrect odor identification was consistent between the olfactometer and each PST testing (baseline and two weeks), averaging 82 % agreement (results not shown). Chocolate showed the lowest average percent agreement (68.5 %), whereas onion showed the highest average percent agreement (98 %). The perceived intensities of the seven common odorants were correlated across the PST and olfactometer, ranging from the lowest correlation for chocolate (r=0.30; p<0.01) to the highest for strawberry (r=0.67; p<0.001).
Test-Retest Reliability of NHANES Pocket Smell Test
Olfactory Function Classification After 2 weeks, olfactory function classification by the PST agreed for 98.5 % of participants (κ=0.85, 95 % CI 0.71-0.99), with one participant classified as having dysfunction at the second visit but normosmic at the baseline (Table 3 ). The PST identification scores showed excellent agreement across the 2-week interval (ICC=0.82, 95 % CI=0.71-0.89) and good agreement across the 6-month interval (ICC=0.69, 95 % CI=0.55-0.79). However, since only two of the participants with olfactory dysfunction by PST at baseline returned at 6 months, we did not conduct further analyses on the 6-month test-retest reliability of the NHANES PST. Across individual odors, correct and incorrect identification also was consistent between baseline and 2-week follow-up, averaging 87 % agreement (Fig. 1) . Chocolate had the lowest percentage agreement between the two visits (67.1 %), with soap showing the highest percentage agreement (99 %). The two odors with lowest perceived intensities, chocolate and grape, showed the least agreement in identification after 2 weeks. The two odors important from a public safety point of view, natural gas and smoke, demonstrated high percentage agreements after 2 weeks (Fig. 1) .
Odor Intensities The intensity ratings of the PST odorants between baseline and at 2-week follow-up did not differ significantly (Fig. 2: p>0.05 for each odorant) and were in moderate-to-good agreement. ICCs for the intensities of the eight odorants in the PST ranged from 0.42 to 0.61, with chocolate and natural gas showing the lowest and highest agreement, respectively (data not shown).
CSQ Responses and Test-Retest Reliability Across 6 Months CSQ Responses at Baseline and Comparison with Measured Function At baseline, 11 % of the participants reported having problems with smell during the past 12 months, and only one indicated the presence of phantosmia (smelling an unpleasant/bad/burning odor when nothing is there). Eight percent of the participants indicated having problems with taste during the preceding year; only three reported experiencing dysgeusia (having a persistent bitter/metallic/bad/other taste or other sensation in mouth that does not go away). In addition, 16.4 % of participants indicated smell loss since age 25, and 13.7 % also reported that their ability to taste food flavors was not as good. Only a few subjects reported loss (diminution) in sweet, sour, salty, or bitter perception since age 25, with frequencies ranging from 2.7 to 5.5 %.
At baseline, those who indicated either recent smell problems or smell loss with age scored significantly lower on the PST (6.21±0.47 SEM vs. 7.21±0.10 SEM) and the olfactometer test (32.15±1.79 SEM vs. 36.59±0.33 SEM) than those without these complaints. Participants who indicated taste problems at baseline tended to report lower intensities for CSQ Responses and Test-Retest Reliability at 6 Months At the 6-month follow-up, 13 % of the participants reported problems with smell during the past 12 months; only two indicated experiencing phantosmia. Approximately 10 % indicated problems with taste during the past 12 months; only two indicated experiencing dysgeusia. Sixteen percent of participants reported smell loss since age 25, and almost 13 % also reported that their ability to taste food flavors was not as good. Five to eight percent of the subjects reported loss/diminution in sweet, sour, salty, or bitter perception since age 25. Table 4 shows the longer-term test-retest reliabilities of eight CSQ items pertaining to smell and taste problems, as well as losses (diminutions) in taste, smell, or ability to perceive food flavors; questions pertaining to phantosmia and dysgeusia were not analyzed due to the low frequencies. Based on agreement coefficient measures, all eight items showed good-to-excellent agreement over the 6-month period.
Discussion
The newly added chemosensory protocol in the US NHANES will provide nationally representative data on taste and smell function as well as allow testing for chemosensory associations with a variety of health measures. The present study supports that the NHANES taste and smell protocol has moderate-to-good test-retest reliability and corresponds well with broader taste and smell assessments. The eight-item NHANES smell protocol (Pocket Smell Test™) had good concurrent validity with an olfactometer-delivered, 40-item odor identification test. The NHANES taste protocol, which only included salt and bitter stimuli, appears to be a good proxy for whole-mouth assessment with additional taste probes for sweet and sour, as well as PROP, a frequently used marker for genetic variation in taste.
Our findings are consistent with inclusion of quinine as a probe for overall taste functioning in the NIH Toolbox (Coldwell et al. 2013b ). Whole-mouth intensity for 1-mM quinine showed good correlation with all taste measures utilized in our study, supporting its potential to represent broader taste function. The correlation between quinine and PROP intensity was significant but the lowest across other taste qualities tested. Although studies have reported discordance between quinine and PROP bitterness and associations with dietary behaviors (Duffy et al. 2003; Hayes and Duffy 2008 ), quinine appears to be an appropriate and feasible measure of taste function in population-based studies. Genetic variation in quinine intensity is tied to multiple bitter taste receptors (Reed et al. 2010 ) unlike PROP, which stimulates primarily one specific receptor (Kim et al. 2003) . Also, quinine, unlike PROP, is an FDA-approved food additive, facilitating the consenting process for population-based studies. Finally, a recent study (Fischer et al. 2014a) showed that the associations between PROP intensity and basic taste intensities (sweet, salty, sour, bitter) differ by TAS2R38 haplotype, further highlighting the need for alternative markers for distinguishing individuals with high taste sensitivity.
Quinine intensity on the tongue tip showed age differences in our study, supporting the need to include both regional and whole-mouth assessments of taste functioning in population studies, such as the NIH Toolbox (NIH 2012) and NHANES taste protocol (CDC 2013a). The intensity of bitter sensations on the tip of the tongue associated negatively with age, which was consistent with findings from the pilot NIH Toolbox testretest reliability study (Coldwell et al. 2013a ). However, we observed that the whole-mouth salt intensity was associated positively with age, consistent with another study (Fischer et al. 2013) . One possible explanation is that the frequency and probability of exposures that cause chorda tympani taste damage, diminishing bitter sensations on the anterior tongue, may increase with age, including exposure to upper respiratory tract infections, otitis media, and head trauma (Bartoshuk et al. 1996) . Reduced chorda tympani input with age, however, may disinhibit tactile sensations from the trigeminal nerve, resulting in intensified sensations of irritation from concentrated salt solutions (Duffy and Hayes 2014) . More severe exposures may result in reductions of taste and irritant sensations on the tongue tip (Bartoshuk et al. 2012 ) and possibly whole mouth, as observed with the NIH Toolbox test-retest reliability study (Coldwell et al. 2013a) .
All five NHANES taste measures showed good-tomoderate reliability over the 2-week follow-up interval in our study, consistent with findings from a pilot test-retest reliability study done with the NIH Toolbox measures (Coldwell et al. 2013a ); our test-retest correlation coefficients, however, were somewhat higher. The present study is the first to evaluate and demonstrate moderate-to-good short-and longer-term test-retest reliability of the NHANES and Toolbox taste measures. In our study, remembered light sensations showed lower test-retest reliabilities than the sound tone ratings, implying that ratings of recalled stimuli are not as stable as those of measured stimuli. The NHANES protocol used LED-generated lights (CDC 2013a) as the nonoral, crossmodal standard, in order to have participants respond to uniform stimuli while learning the gLMS scaling procedure. The NHANES protocol also includes a replicate test for wholemouth salt ratings (randomized between 1 M NaCl and 0.32 M NaCl), which will provide within session test-retest reliability of the whole-mouth taste measures (CDC 2013a).
The NHANES PST corresponded reasonably well with the 40-item OLFACT-ID™ test, delivered by an olfactometer, which offered greater stimulus control than the PST. The PST, however, was the most sensitive in identifying moderate-to-severe olfactory dysfunction, while missing a few cases of mild microsmia. Since the primary interest of the NHANES smell protocol is to generate prevalence estimates of moderate-to-severe dysfunction in the US population, our findings suggest that the 8-item odor identification (PST or Pocket Smell Test) is a sufficient measure of olfactory dysfunction in NHANES as well as for population-based studies with limited testing time.
The frequency of olfactory dysfunction in subjects >40 years (n=36), the target age group for NHANES, was similar with the olfactometer (24 %) but slightly lower with the NHANES PST (15 %) when compared to frequencies reported in population-based studies using identification tasks. For example, the frequencies of olfactory dysfunction observed in slightly older populations include (a) 24.5 % in the Epidemiology of Hearing Loss Study (≥53 years, (Murphy et al. 2002) ), (b) 24 % in a Norwegian Study (≥45 years (Wehling et al. 2011) ), (c) 27 % in the Blue Mountain Eye Study (≥60 years, (Karpa et al. 2010) ), (d) 32.9 % in the Skovde Study (≥53 years; (Bramerson et al. 2004) ), and (e) 29.6 % in the Dortmund Study (≥53 years, (Vennemann et al. 2008) ). The National Social Life, Health and Aging Project, a national probability study of 3005 older adults (>57 years), reported a lower frequency of olfactory dysfunction (2.7 %) but had a more stringent criterion for dysfunction. The overall frequency of smell dysfunction in our study (8 %) with the NHANES PST was somewhat higher than that observed in the Beaver Dam Offspring Study (Schubert et al. 2012) , which used a similar 8-item odor identification test on 2838 participants with similar age ranges (21-84 years).
The NHANES Pocket Smell Test showed good test-retest reliability after a 2-week follow-up interval for the overall identification score as well as correct identification of individual odorants. The two odors important from a public safety point of view, natural gas and smoke, showed high percentage agreements for identification across 2 weeks. In this study, we supplemented the NHANES smell protocol with an odor intensity measure. The reported intensities of the individual odorants also had good test-retest reliability after 2 weeks, added minimal time to the odor identification tasks, and demonstrated more variability than did the overall olfactory scores. Odor identification tests are designed to classify individuals into either dysfunction or Bnormal^(normosmics) and hence have limited ability to discriminate across the levels of olfactory function within individuals with normal sense of smell (Krantz et al. 2009 ). Asking participants to rate perceived odor intensity on a well-validated sensory intensity scale, such as the general Labeled Magnitude Scale (Bartoshuk et al. 2004) , would allow detection of gradations in normal olfactory functioning and may also better explain variation in diet and health indices (Minski and Duffy 2009 ). Finally, and consistent with previous work (Rawal et al. 2014) , those who reported either smell problems or smell loss (diminution) showed lower measured smell function than those who reported neither. Overall, items in the CSQ pertaining to chemosensory problems or losses also showed good-to-excellent longer-term test-retest reliability across 6 months.
Our study had several limitations. Due to lack of equipment, we did not examine the test-retest reliability of the LED-generated lights included as the cross-modal standard in NHANES. Other measures correlated with taste function, such as taste receptor density and regional intensities of sweet and sour on anterior and posterior tongue, were not examined. Additionally, we were unable to clinically verify the diagnosis for participants classified with anosmia or severe microsmia in our study. The generalizability of our findings to more diverse groups, such as those tested by NHANES, is limited since our sample was highly educated, small in size, and relatively homogeneous in terms of health status and geographical residence. The sensitivity-specificity of the NHANES PST may be more robust in the large, diverse NHANES sample with varying degrees of overall health status and potentially higher prevalence of olfactory dysfunction. On the other hand, the reliability of the NHANES taste and smell measures may be suboptimal in populations with lower formal educational attainment.
Conclusion
This study supports that the NHANES taste and smell protocol has moderate-to-good test-retest reliability, based on our study with a convenience sample of healthy adults. The NHANES taste and smell assessments also corresponded well with broader measures of taste and smell function that is usually included in laboratory or clinical-based settings. Hence, our findings combined with those from the NIH Toolbox normative study (Coldwell et al. 2013b) provide evidence that the NHANES taste and smell protocol captures appropriate population-based differences in taste and smell function and provides reliable information despite being a relatively brief procedure.
